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INTRODUCTION 



The Biological and Physical Sciences lend themselves very well 
to many teaching techniques, including the inquiry approach. The Earth 
Sciences have remained sterile with respect to inquiry because the atti- 
tude has been that you can not work with the macroscopic quantities of 
the earth in a microscopic classroom. The Earth Science Committee wishes 
to dispel this attitude with this resource booklet. 

The resource booklet contains ideas about what can be done in the 
lab with Earth Science. By no means do we suggest that this booklet is 
a complete Earth Science program to be used per se without lectures, films, 
filmstrips, literature research and student reports. As the name suggests, 
this booklet is a resource booklet from which ideas may be extracted and 
used in whatever framework the teacher has devised in teaching Earth Science. 

Because of certain limitations, the committee was only able to gather 
and prepare investigations on two major cycles, the Water Cycle and the 
Rock Cycle. Each section contains sections which can be used in many 
Earth Science Processes. For example, in doing a unit on weather, all 
the investigations pertaining to relative humidity, evaporation, water 
in the atmosphere and condensation can be used. Of course, a complete 
unit on weather is not presented as such. It is up to the teacher using 
this resource booklet to decide which investigations he wishes to use. 

The committee hopes that this resource booklet is of value to those 
who use it and it also wishes to express the desire that further committees 
add to and improve upon this committees endeavours. 
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LIBRARY BOOKS FOR EARTH SCIENCE 



- The Nine Planets, Branley, F. M. , Crowell 

- Exploring the Moon, Gallant, Roy A., Garden City 

• The Amateur Astronomer, Moore, P. , Lutterworth 

- Stars, Zlm, Herbert S., Simon & Schuster 

• Windows to Space, Pickering, James S. 

- Making and Using a Telescope, Wilkins, H. P. , ft Moore, P. , Eyre 

- The Stars, Adler, Irving., Day 

- The Universe, Bergamlnl, David, Time 

- New Handbook of the Heavens, Bernhard, H. J., Bennett, D. ft Rice, H. S. 

• The Universe of Galileo and Newton, Blxby, William, Heritage 

- Experiments In Sky Watching, Branley, F. M. , Crowell 

- Mars; Planet Number Four, branley, F. , Crowell 

- Solar Energy, Franley, F. M. , Crowell 

• The Sun: Our Nearest Star, Branley, F. M., Crowell 

- The ABC’s of Astronomy, Gallant, Roy A., Doubleday 

- Exploring the Planets, Gallant, Roy A 

- Stars, Men and Atoms, Haber, Heinz, Golden Press 

- Pictorial Guide to the Planets, Jackson, Joseph, Crowell 

• Exploration of the Universe, King, H. C. 

- Beyond the Solar System, Ley, Willy, Viking 

• The Sky Observer's Guide, Mayall, M., Golden Press 

- Conquering the Sun*B Empire, Ordway, F., Ill ft Wakeford, R, , Dutton 

- Life In Other Solsr Systems, Ordway, F., Dutton 

- Life Beyond our Planet, Posln, Dan, McGrawHlll 

- Astronomy, Rspport, Ssrauel ft Wright, Helen 

• Planets, Life Science Library, Sagsn, C. , & Leonard J, N. 

- The Golden Book of Astronomy, Wyler, Rose, Golden Press 

- Planet Earth, Ames, Gerald ft Wyler, Rose, Golden Press 

GEOLOGY AND WEATHER 

- The Crust of the Earth, Keith Clayton, The Nature & Scientific Library, 

American Museum of Natural History 

• The Earth, Belser, Arthur, Time Magazine 

• Earth Science, Bird, J. Brian, Van Nostrand 

• The Earth, Planet Number Three, Branley, F. M., Crowell 

• The Earth, Volume 2, Investigating Science with Children, Kubbell, L. 

• Shape of the Earth, Lynch, Patrick &., St. Martins 

- Prospecting In Canada, Lang, G> H., Queen's Printer 

- Elementary Geology for Canada, Moore, E. S., Dent 

- The Earth for Sam, Reed, W. , Maxwell, Harcourt, Brace & World 

- Rain, Rivers and Reservoirs: The Challenge of Running Water, 

Archer, Sellers, G., Coward 

- The Life of the Ocean, Bcrrlll, N. J. , McGraw-Hill 

• Busy Water, Black, Irma Slmonton, Holiday 

• The Rise and Fall of the Seas: The Story of the Tides 

Brlndze, Ruth, Harcourt, Brace & World 

- The Sea Around Us, Carson, Rachel L. , Oxford 

- Volcanoes: New and Old, Coleman, Sstls N., Day 
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GEOLOGY AND WEATHER (cont'd) 

• Geology, 3rd Edition, Pearl, R. M. , Barnes, 1963 

• How to Know the Minerals and Rocks, Pearl, R. M. , McGraw-Hill 

- Deep Sea World: The Story of Oceanography, Coombs, C. , Morrow 

• The Sea, Engel, Leonard, Time Magazine 

• Earth's Adventures, Fenton, Carroll, Lane, Day 

• Tropical Rain Forests, Goetz, Della, Morrow 

- Water for the World, Helfman, Elizabeth, McKay 

• Deep Down, Hogg, Garry, Criterion 

• How the Earth Is Made, Hood, Peter, Oxford, 1954 

- All About the Sea, Lane, Ferdinand, C., Random 

- This Thirsty World; Water Supply and Problems Ahead, Lewis, A., McGraw-Hill 

- The Earth Beneath Us, Mather, K. , Random 

• They Lived In the Ice Age, May, Julian, Holiday 

- Water at Work, Meyer, Jerome S., World 

- The Life of the Cave, Mohr, Charles E. & Poulson, T. 

- Our Plundered Planet, Osborne, Fairfield, Little 

- Our Earth: Geology and Geologists, Place, Marian, Putnam 

- All About Volcanoes and Earthquakes, Pough, F. , Random 

- Sea for Sam, Reed, W. , Maxwell A Wilfred S., Bronson, Harcourt 

- Our Quaking Earth, Roberts, Elliott, Little 

• Rocks, Rivers & The Changing Earth, Schneider, H. , Scott 

- The Life of Rivers and Streams, Uslnger, Robert L. , McGraw 

- The Wonders of Water, Winchester, James H. , Putnam 

- The Story of Geology: Our Changing Earth Through the Ages 

Wyckoff, Jerome, Golden Press 

- What's Inside the Earth? Zlm, Herbert S., Morrow 

- Volcanoes In Action: Science and Legend, Poole, L. , & G. , McGraw-Hill 

- World Beneath the Oceans, Gaskell, T. F. , Natural History Press 

- The Desert, Leopold, A., Starker, Time Magazine 

- Weather In your Life, Adler, Irving, Day 

• Snow Is Falling, Franley, F. M. , Crowell 

- Not Only for Ducks: The Story of Rain, Blough, Glenn 0., McGraw-Hill 

- Weather, Burnett, R. Will, Golden Press 

- Exploring the Weather, Gallant, Roy A,, Garden City 

- Weather Made Clear, Holmes, David C. , Sterling 

- Everyday Weather and How It Works, Schneider, H., McGraw-Hill 

- Eric Sloane's Weather Book, Sloane, Eric, Duell 

- All About the Weather, Tannehlll, I. R. , Random House 

• The Hurricane Hunters, Tannehlll, Ivan, Dodd 

- The Wonders of the Atmosphere, Wolfe, Louis, Putnam 

• Lightning and Thunder, Zlm, Herbert S. , Morrow 

- Weathercasting, Laird, Charles A Ruth, Prentice 

- Treasure In the Rock, Bush, Helen, Longmans Canada Ltd. 

- Rocks and Their Stories, Fenton, C. L. A Fenton, M. A., Doubleday 

- Collecting Rocks, Minerals, Gems, and Fossils, MacFall, R. Hawthorn 

• How to Know Minerals and Rocks, Pesrl, R. M. , Signet 

• Wonders of Rocks and Minerals, Pearl, Richard M. , Dodd 

- The Story of Rocks, Shuttlesworth, Dorothy, Doubleday 

• Rocks and Minerals, Zlm, H. S., A Shaffer, Paul R. , Golden Press 

• Field Book of Common Rocks and Minerals; Loomis, F. B., Rev. Ed., Putnam 

***N0TE*** 

This list of books Is merely a suggested list and by no means Is complete, 
or completely up-to-date. 
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REFERENCE BOOKS FOR EARTH SCIENCE 



- Time, Space and Matter, #7 Teachers' Folio 

- The Earth, National Science Teachers' Association 

- A Sourcebook for the Physical Sciences, Brandvein, et al. 

- Modern Earth Science, Ramsey et al, 1968 

- Principles of Science, Heimler - Neal (Book 1) 

• Principles of Science, Heimler - Neal (Book 2) 

- Investigating the Earth (E.S.C.P.) 

- Modern Earth Science, Ramsey et el, 1965 

- Exploring Earth Science 

- Earth Science, Cambridge Work-a-Text 

- Earth Science, Namowitz & Stone 

- Science Activities II 

- Science Activities I . 

- The Earth Space Science, Laldlow Series, Hibbs, et al 

• Focus on Earth Science, Bishop, Lewis et al 

- Geology and Earth Science Sourcebook, Holt, Rinehart and Winston 

- Earth Science Lab Approach 

• Foundations of Space Science, Holt, Rinehart & Winston ^ 

- Pathways in Science, Globe 

• Resource Book, S.R.A. 

- Earth Science, Van Nostrand 

- Science World 

- Weather, Golden Press 

- Rocks and Minerals, Golden Press 

- Stars, Golden Press 

• Manual of Lecture Demonstrations, Laboratory Equipment, and Observation Equipment 
For Teaching Elementary Meterology in Schools; Nangerger; UNESCO 

FILMS, FILMSTRIPS AND KITS 
Available for Earth Science from I.M.C, 



ASTRONOMY 



- F 658 


Eclipses of the Sun and Moon 




- F 196 


Universe 




- F 850 


Day and Night 




- F 765 


Sky 




- F 919 


Moon Adventures in Space 




- F 70 


Earth Satellites; Explorers i 


of Outer Space 


- F 766 


Space Probes • Exploring Our 


Solar System 


- F 209 


What is Space? 




- F 695 


History and Development of Rockets 


- F 176 


Rockets; How They Work 




- F 957 


Sun's Family 




- FS 427 


Exploring the Moon 




- FS 406 


The Astronomer At Work 




- FS 404 


New Discoveries About Planet 


Earth 


• FS 423 


Space Rockets 





KITS 



- K 61 



Target Moon 
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Department of Extension Autonomy Films 



- A 


5543-5 


Exploring By Satellite 


- A 


4230-5 


About Time 


- A 


5480-2 


The Flaming Sky 


- A 


5890-1 


Charting the Universe 


(b) 


WEATHER 


(films) 


- F 


820 


Air All Around Us 


- F 


969 


What Makes Rain 


•• F 


116 


How Weather Helps Us 


- F 


880 


How Weather Is Forecast 


- F 


161 


Origins of Weather 


- F 


599 


Inconstant Air 


- F 


628 


Atmosphere and Its Circulation 



WEATHER (filmstrips) 

• FS 408 Meteorological Instruments 



Department of Extension Weather Films 



- A 5740-2 

- A 6886-7 

- A 3748-9 

- A 3741-3 

- A 3744-7 

- A 551 

- A 3732-40 

- A 4332-7 



First Mile Up (Pollution) 

Above the Horizon (Weather) 

Meteorology Fog 

Ice Formation (Meteorology) 

Meteorology Temperature, Wind, Pressure 
The Weather 
Synoptic Meteorology 
Unchained Goddess 



(c) 

- F 

- F 

- F 

- F 

- F 

- F 

- F 

- F 

- F 

- F 

- F 

- F 



GEOLOGY (films) 



68 


Earth In Change - Earth's Crust 


861 


Face of the Earth 


721 


Birth of the Soil 


208 


What Is Soil 


787 


Volcanoes 


965 


Water Cycle 


731 


Message from A Dinosaur 


917 


Minerals and Rocks 


179 


The Sun 


374 


Rocks that Form on Earth's Surface 


630 


Animals of Prehistoric America 


680 


Geological Work of Ice 


GEOLOGY 


(filmstrips) 



- FS 429 

- FS 432 

- FS 431 

- FS 409 

- FS 428 

- FS 430 



Our Earth Is Changing 
The Soil 

Story of the Earth We Find In the Rocks 
Life Cycle of Rivers 
How We Think Our Earth Came To Be 
How Rocks are Formed 




GEOLOGY 
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Kits from I,M,C, 



• K 103 Collecting and Interpreting Foaslls 

- K 101 Fossils and Organic Change 

- K 104 Fossils and Prehistoric Environments 

- K 105 Fossils and Kelatlve Ages of Rocks 

- K 102 How Fossils are Formed 

• K 73 Glaciation 

- K 96 How a Glacier Shapes Its Valley 

• K 95 Investigating a Glacier 

- K 97 Reconstructing a Glacier 

- K 98 Some Side Effects of the Ice Age 

- K 176 Coal 

- K 177 Comparing Rocks 

• K 180 Metamorphic Rocks 

• K 185 Recognising Rock Making Minerals 

- K 186 Rocks and the Landscapes 

• K 187 Shale, Sandstone and Conglomerate 

- K 188 Volcanic Rocks 



Depf ^ tment of Extension Geology Films 



- A 328 

- A 6373-4 

• A 6688-90 

- A 3761 

- A 6721-3 

- A 6455-6 

- A 4590-1 

- A 5613 

- A 326 

• A 1127 

- A 1296 



Mountain Building 
The Stream 
The Hidden Earth 
Limestone Cover 
Crystals 

Crystals and their Structures 

Dinosaur Age 

Dinosaur Hunting Today 

Work of Rivers 

Volcanoes in Action 

Buta Caves 
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TEACHER'S NOTES 



Investigation 1-1 

Considerable time should be spent on weighing and 
the relationships between weights and volumes before 
the actual concept of density in introduced. A stu- 
dent will be able to calculate and understand the 
study of water density only when he understands weights 
and volumes clearly* The density of water becomes much 
clearer when compared with other substances in follow- 
ing lessons* 

This lesson allows for a considerable amount of labora- 
tory techniques and procedures to be stressed, especially 
those of weighing and measuring volumes. 




S - 1 



\ 



STUDENT’S NOTE S 

Investigation No. 1-1 
PREPARATION 



O 

ERLC 



1. Problem 

To study the density of water. 

2. Background 

Before we can study the density of water, we must have a 
thorough understanding of the tern density. Density is the 
weight of an object in relation to its volume. 

3. Prediction 

What will the density of water be: 

(i) .... lb. per galloon 

(ii) .... gm. per liter 

(ill) .... gm. per milliliter 

5. Design 

(a) Water can be weighed by weighing an empty container, pour a 
known amount of water into it, and then weight it again. 

EXPERIMENTATION 

6. Procedure 

(a) Weigh water and express the density as grams per milliliter, 
grams per liter, and pounds per galloon. 



DATA 

8. Organization of Data 

(a) Weight of container and water 

(b) Weight of container 

(c) Weight of water 



10. Mathematical Treatment 

(a) Once the weighing is finished the density of water can 
now be expressed as a weight per volume. 



(i) Density = .... gm. per mlllllleter 
= .... gm. per liter 
= .... lb. per galloon 



Possible sources of error: 



CONCEPTS 

11. Operational Definition 

Explain what is meant by the density of water and show how 
it is expressed. 



OPEN-ENDEDNESS 
16. Ne w Pro b lems 

Once the procedure for finding the density of water is understood 
design an investigation to calculate the density of warm water, 
cold water, glycerine and other liquids. 
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STUDENT'S NOTES 



Investigation N% 1*2 

PREPARATION 
1* Problem 

To compare the density of water with other liquids. 

5, Design 

The density of water can be compared with another liquid* for 
example* glycerine, by placing equal volumes of each in a test 
tube. 

EXPERIMENTATION 

6, Procedures 

Pour equal volumes of water and glycerine into a test tube and 
shake. Then let the mixture settle. Use other liquids also. 

7 , Observations 

(b) Observe which liquid is sitting on top and which is on 
the bottom. 

Diagram. 



CONCEPTS 
11. Inference 



is more dense or denser than 



OPEN-ENDEDNESS 

16. New Problems 

Explain a relationship between the density of warm and cold water 
with convection currents. 

17. Application 

By knowing the densities of different substances many questions 
can be answered. 

(i) Would oil stay on top or go to the bottom of a lake? 

(ii) Does warm water lie on top oi below cold water? 
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TEACHER 1 S NOTES 



Investigation 1- 2 

Density is quite a difficult concept for a lot 
of eighth graders. However, by dropping dif- 
ferent solids into four different liquids the 
concept becomes much easier, (see diagram) 




This is best done by a demonstration, since 
mercury and gasoline are used. 

Additional investigations can arise by obser- 
ving the rubber stopper expanding and the candle 
dissolving. 



O 

ERiC 
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SCIENTIFIC PROCESSES 



PREPARATION 


1. 


Identifying and 




Forming Problem 


2. 


Background 




Information 


3. 


Prediction 


4. 


Hypothesis 


5. 


Experimental 




Design 


EXPERIMENTATION 


6. 


Procedure 


7. 


Observations 


PROCESSING OF DATA 


8. 


Organizing Dats 


9. 


Graphing 


10 


Mathematical 




Treatment 


CONCEPTUALIZING DATA 


11. 


Operational 




Definitions 


12. 


Inferences 


13. 


Mathematical 




Relationships 


14. 


Mental Models 


OPEN-ENDEDNESS 



15. Further Evidence 

16. New Problems 

17. Applications 



TECHNIQUES 
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TEACHER’S NOTES 



Investigation 1-3 

An investigation of this type can be very messy 
and a waste of time if students are not aware of 
the problems which may occur when performing it. 
Students will do a better Job if they are aware 
of these difficulties and are trying to improve 
upon their procedures. 

A preliminary discussion should be held to empha- 
size that water does have a pressure and relate 
this to its weight. A discussion concerning 
swimming pools introduces this lesson very well. 



REFERENCES 



AUDIO-VISUAL AIDS 



TEST ITEMS 



0 

ERIC 
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STUDENT'S NOTES 



Investigation 1-3 

PREPARATION 

1. Problem 

To show that the pressure of water increases with depth. 

2, Prediction 

The water pressure is greatest at: 

5. Design 

Punch three holes, one below the other in a large tin can. 

The uppermost hole should be about 1/3 of the way down, 
and the lowest hole near the bottom. Fill the can from a 
faucet and let enough water run into the can to keep it 
filled. 

EXPERIMENTATION 

6. Procedure 

Allow the water to run so that you can notice the curvature of 
the streams that come out of each of the holes. 

7. Observation 

Which stream indicates the greatest pressure. 

CONCEPTS 



12. Inference 

Water pressure increases as the depth increases. 



OPEN-ENDEDNESS 
16. New Problems 

If a concrete dam were to be built should it be built thicker 
at any particular point? 
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TEACHER'S NOTES 



Investigation 1-4 6 1-5 

Preliminary discussions about common experiences at 
swimming pools will introduce the investigations about 
buoyancy. 

When the students have noticed the difference between 
the weight of a body in water and in air they should set 
up an operational definition for buoyancy. Now the stu- 
dents can set up a simple apparatus to check upon the 
displacement of the water. This should lead to the 
discovery of Archimedes' Principle. 

Archimedes 1 Principle can lead to many interesting 
topics such as the floating of ships, the operations 
of submarines, and underwater studies. 

Related investigations similar to the following can 
provide interesting discussions. 

1. Why is it easier to float in salt water than in 
fresh water? 

Put an egg into a tall liter beaker and then pour water 
into the beaker until it is about one-third full. The 
egg remains at the bottom of the beaker. Make a satur- 
ated salt solution in another beaker. Put the egg into 
this solution and notice that it floats. Why does it 
sink in fresh water and float in a concentrated solu- 
tion of salt? 

2. To make a diver 

Almost fill a wide-mouthed glass jar with water. Half 
fill a small test tube, about 2 n long, with water. 

(A vial can be used Instead.) Close the tube with 
the finger, invert the tube, place the open end un- 
der water and remove the finger. The tube should float 
only about one-quarter inch above water. If more than 
this is above water, take the tube out, pour a little 
more water in the tube, and then float it again. Re- 
peat the adjustments until the tube floats with only a 
little of it above water. Stretch a piece of sheet rub- 
ber over the mouth of the jar (a piece of an old inner 
tube will do) and hold it in place with a rubber band 
(or tie it in place with thread). 

Now press on the stretched rubber with the finger and 
the diver sinks to the bottom of the jar. Release the 
pressure and the diver rises to the surface. The diver 
can be made to rise and sink indefinitely. How can 
you explain it? 
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STUDENT 1 S NOTES 



Investigation 1-4 

PREPARATION 
1. Problem 

Would the weight of a body In air weigh the same amount in water? 

3 . Prediction 

Will a body weigh the same in water and air or will the body weigh 
more in water? 

5. Design 

Attach a brick (or similar object) to a spring balance so that it 
may be lowered into a beaker of water, 

EXPERIMENTATION 

6, Procedure 

Did you notice the readings change at all? If they did change was 
there any change after the object was completely submerged? 

DATA 

8. Organizing of Data 

Reading in air 

Reading 1/3 in the water 

Reading 1/2 in the water 

Reading just submerged 



Reading well submerged 

CONCEPTS 
12, Inference 

The upward and downward forces affecting the body are not 
the same. The upward force is greater than the downward 
force in the water. This difference we call buoyancy (or 
buoyant force). 

11, Operational Definition 
Buoyancy is 

OPEN-ENDEDNESS 
16 . New Problems 

Would there be some principle which would apply consistently 
for buoyancy. 




V 
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STUDENT'S NOTES 



Investigation 1-5 



PREPARATION 

1, Problem 

To illustrate a principle related to all floating bodies, 

2, Background 

There is an apparent weight loss of objects when immersed in 
water. This is due to a buoyant force which water exerts upon 
any object immersed in it. When a body is immersed in water, 
the side pressures counteract each other. However, the upward 
pressure exerted on an object is greater than the downward 
pressure on the object. This difference in upward and downward 
forces is called buoyancy . 

5. Design 

We can observe how an object floats by placing it in a container 
of water. We can check on how much water it displaces by collect- 
ing the overflow in an overflow beaker. 

EXPERIMENTATION 

6, Procedure 

A suitable floating object is a small can half-filled with water. 
Weigh the can and water. Gently lower it into an overflow bucket, 
filled with water, until the can floats. Collect the displaced 
water in a beaker and weigh it. 

DATA 

8, Organization of Data 

Weight of small can and water which is being submerged __ 

Weight of displaced water 

10. Mathematical Treatment 

Compare carefully the weight of the lowered object with the weight 
of the displaced water. 

CONCEPTS 
12. Inference 

The collected data should certainly support the statement that 
"a floating body displaces its own weight of water." In other 
words, this principle known as Archimedes r Principle , applies 
both to floating and sumberged bodies. A more general statement 
of Archimedes 1 principle is "any object wholly or partly immersed 
in a liquid is buoyed up by a force equal to the weight of the 
liquid displaced.' 1 

OPEN-ENDEDNESS 
16. New Problems 

(a) Do research on the floating of ships. Sumbarines can be 
raised or lowered in the water. How do they do this? 

(b) Why is it easier to float in salt water than in fresh water? 

(c) How could we make a diver rise and sink using simple apparatus? 







V 
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TEACHER’S NOTES 

Investigation 1-6 

PREPARATION 
1* Problem 

This problem relates very closely to the 
phenomenon of land and sea breezes, Normally, 
it is done as a grade nine experiment in Heat 
and Temperature, A quantitative approach is 
not necessary. 



6, Procedure 

As written in student notes, the experiment is 
very difficult because of the large number of 
simultaneous readings. 

Have each group of students do three or four ma- 
terials only, and record data on the blackboard, 

If all groups can attain the same final tempera- 
ture, a graph for all six substances can be 
drawn, 

Avoid open flames by using hot tap water 
-- usual about 60 - 65°C. 

- for better results, beakers may be replaced . 

by plastic or styrofoam containers that \ 

are better calorimeters, 

EXPERIMENTATION 

7. Observations 



The temperature rise should be: 

Most Least 




S 

4 



V 
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STUDENT'S NOTES 



Investigation 1-6 

PREPARATION 

1, Problem 

Investigation of heat capacity. 

2, Background Information 

Due to different molecule sizes and intermolecular forces, different 
substances can hold different amounts of heat. 

3, Prediction 

If we use equal masses of various materials and heat them to 
equal temperatures the amount of heat they hold should vary, 



EXPERIMENTATION 
6, Procedure 

* (1) Place 20 gm. of each copper, alcohol, water, soil, sand and 
kerosene into each of 6 test tubes. Record temperature of 
each. 

(2) Heat all tubes in a common water bath (below boiling point 
of alcohol) until all reach the same temperature - Record 
temperatures every 30 seconds. 



CAUTION - Keep alcohol away from open flame. 



(3) While waiting, place 20 cc. of water in each of 6-100 ml, 
beakers. Keep water cool or at the same temperature in all 
beakers. Record temperatures. 



(4) When all substances have reached the same final temperature, 
quickly pour each into the 6 beakers. 

(5) Observe temperature change in the water. 




W W W W W 
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STUDENT'S NOTES 
Investigation 1-6 (cont'd) 



DATA 

7 & 6 Observations and Organization 

Make a chart of temperature changes as you warm the substances 
Time Substances 

Copper Sand Soil Alcohol Water Kerosene 



0 

30 

60 

90 

120 

150 

180 

210 

240 

270 

300 

330 

360 

390 

420 



Record temperature changes In the water 



1. 


copper - 


4. 


alcohol 


2. 


sand 


5. 


water 




3. sol 1 



6 . 



kerosene - 
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STUDENT'S NOTES 
Investigation 1-6 (cont'd) 

9. Graphing 

Draw graphs of the change In temperature when substances 
are In water bath. 

CONCEPTUALIZATION OF DATA 



11. Definitions ; 

Heat capacity Is: 



12. Inferences 

Which substance heats up fastest? Why? 



Which substance heats slowest? Why? 



Which substance has the greatest heat capacity? 




\ 



Investigation 2-1 
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TEACHER'S NOTES 



( 



Suggestions to Teachers 

(1) Break students up Into groups and have two or 
three groups do each of the problems, exchange 
Information and discuss results In a post- lab. 

(2) Alternate DeslRn 3 Is to repeat Design 1 with 
the addition of blowing on the finger. 

PREPARATION 
1. Problem 

There are a number of variables which could be 
measured In Investigations on evaporation, thus 
the problem Is broken down to look at the follow- 
ing variables: 

(1) Evaporation Is accompanied by cooling 

(2) Temperature effects rate of evaporation 

(3) Wind effects rate of evaporation 

(4) Different liquids evaporate at different rates 

5. Design 

Various liquids can be used to speed up the collection 
of data, such as hexane, acetone and ether. 

OPEN-ENDEDNESS 
16. New Problems 

Many household appliances use the principle of 
evaporation to cool things, students could 
look Into the different coolants used. 
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STUDENT'S NOTES 




Investigation 2-1 

PREPARATION 

1. Problem 

What are some of the factors effecting evaporation? 

2. Background Information 

Read and make notes from Science Activities. Book 1 , P. 269 
and Science Activities, Book 2 , P. 310. List at least 4 
sources of water vapor in the atmosphere. 

Sub- Problem (1) 

What happens to the temperature of the air surrounding a body 
of water during evaporation? 

DESIGN FOR COLLECTION OF DATA 
Design (1) 

(a) Dip finger in water and hold it in the air. 

(b) Dip finger in alcohol and hold it in the air. 

(c) Place thermometer in beaker of water and second thermometer 
in the air above the water. 

(d) Record temperature of surrounding air 

(e) Repeat (c) and (d) with alcohol instead of water. 

Sub-Problem (2) 

Does temperature have an effect on the amount of evaporation? 
Design (2) 

(a) Put equal quantities of water in pie plates and mark levels 
of water. 

(b) Place one pie plate in the refrigerator and the other in a 
dmight-free location in the room. 

(c) Record the temperature of the air above both locations. 

Design (3) 

(a) Put equal quantities of water in pie places and mArk 
levels of water. 

(b) Place one in a draught-free location. 

(c) Pan the other pie plate vigorously. 

(d) Record the temperature of the air above both locations. 
Sub-Problem (3) 

Does fanning a body of water affect the amount of evaporation. 
INTERPRETATION OF DATA 

(13 Does evaporation produce a cooling effect? 

(2) Which evaporates fastest, water or alcohol? 

(3) List all variables affecting the rate of evaporation. 
OPERATIONAL DEFINITION OF EVAPORATION 

New Problem: (1) Why does alcohol evaporate faster than water? 

(2) Hsw does an air conditioner work? 
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TEACHER'S NOTES 



Investigation 3-1 
C oncepts 

(a) Water vapor (In the atmosphere) Is an 
Invisible gas. 

(b) Water vapor needs to be cooled Into a liquid 
to be observed. 

(c) Water vapor requires a surface to condense upon. 
Suggestions to Teachers 

Hypothesis 

(a) Ask students how they know there Is water vapor 
(moisture) in the air. CLOUDS, PRECIPITATION, 
FROST and DEW are possible answers. 

(b) Have students take care thct the outside of the 
apparatus is free from moisture before start of 
experiment. 

Possible Problem Arising from Interpretation 2 

Students might suggest that the water from the 
inside of the container may have evaporated and 
then condensed on the outside of the container. 

Suggested Way to Overcome thla Problem 

Have students repeat the experiment with a 
container with a tight-fitting lid. 

Alternate Design 

You can substitute dry ice for the ice water and 
you will produce FROST . 



( 



( 



4 "f* 



V 
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STUDENT'S NOTES 



Investigation 3-1 

PREPARATION 
1. Problem 

” Is there water vapor In the air? 

4. Hypothesis 

Give as many reasons as you can to support the statement that 
there Is water vapor In the air. 

5. Design 

(1) Place Ice and water In a shiny tin being careful not to 
get any moisture on the outside of the tin. (If snow Is 
available, use Instead of Ice.) 

Materials 

shiny tin, water and Ice 

EXPERIMENTATION 
7. Observations 

Record all observations of the outside of the tin. 

INTERPRETATION OF DATA 

(1) What formed on the outside of the tin? 

(2) Where did the moisture come from? 

(3) Why could we not see It before? 

(4) What change In temperature of the air was required to 
see the moisture? 

OPEN-ENDEDNESS 
15. Further Evidence 

What Is the name for this type of moisture when formed In nature? 
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TEACHER'S NOTES 



Investigation 3-2 

PREPARATION 
1. Problem 

The problem Is to find a chemical method of 
determining very small amounts of water vapor. 

5. Design 

Make sure that the cobalt chlorine papers are 
BLUE , if they are purple or red, you can regen- 
erate the papers by heating carefully in an open 
container. 

4. Hypothesis 

Blue cobalt chloride papers turn RED upon 
absorption of water vapor. 

Note : 

The design sets out a controlled experiment, i.e. , 
dry air will not turn the cobalt chloride paper 
RED. 
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STUDENT'S NOTES 



Investigation 3-2 



PREPARATION 

1. Problem 

To test for the presence of water vapour In a sample of air. 

2. Background Information 

Read and summarize p. 25 and p. 422 of Exploring Earth Science . 

4. Hypothesis 

What do you expect to happen to a sample of cobalt chloride If 

placed In a moist jar? 

DESIGN FOR COLLECTION OP DATA 

(1) Heat an open flask with a bunsen burner (alcohol burner) for 
at least ten minutes. 

(2) Place a freshly prepared strip of cobalt chloride paper In the 
flask and seal with a stepper. 

(3) Blow Into another flask two or three times. 

(4) Place a freshly prepared strip of cobalt chloride paper In 
.the flask and seal with a stopper. Observe. 

(5) Place above Jar In a hot water bath and observe. 

(6) Place above Jar In a cold water bath and observe. 

INTERPRETATION OF DATA 

(1) Why did you he.it Jar #1? Is Jar #1 a control? Why? 

(2) What Is £ positive test for moisture In a sample of air? 

(3) Explain the differences In observations made in 5 and 6 of 
Design. 

(4) In the case of saturated air the cobalt chloride strip acts 
the same way as the dust particles in cloud formation. What 
is the name for the name for the cobalt chloride strip and the 
dust particles? 

(5) What would be the relative humidity of completely dry air 
and what color would the cobalt chloride strip be? 
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TECHNIQUES 



REFERENCES 



AUDIO-VISUAL AIDS 
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TEACHER’S NOTES 

u 

Investigation 3-3 

PREPARATION 
1. Problem 

The amount of moisture a sample of air can hold 
depend? upon the temperature of the air. The 
higher the temperature of the air the greater 
amount of moisture it can hold. 

5. Suggested Design 

The following design could be used to gather the 
data required to produce the saturation curve as 
shown in Exploring Earth Science , P. 26-27. 

Set up a number of containers aud place an equal 
quantity of water in them. 

Seal the containers and place in locations where the 
temperatures vary from 50°F to 100°F. 

Record the new quantity or level of water in the con- 
tainer after the containers reached the desired temp. 

Subtract the final quantity of water from the initial 
quantity of water. This gives the quantity of water in 
the air and knowing the volume of the container, you 
can calculate the saturation curve. 

PR OCESSING OF DATA * - ^ 

10. Mathematical Treatment 

Relative Humidity ■ amount of water the air is holding x 
(at a specified amount of water the air can hold 

temperature) 



TEST ITEMS 




2 



\ 
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STUDENT'S NOTES 



Investigation 3-3 



PREPARATION 

1, Problem 

What effect does the temperature have on the amount of moisture 
an air sample can hold? 

2. Background Information 

Saturation Is defined as the maximum amount that something can hold. 
Air at a certain temperture can only hold a certain maximum amount 
of water. At that temperature of the air, It Is said that the air 
Is saturated. The greater the temperature of the air, the more water 
It can hold. 



The amount of water vapor In the air can be determined quite easily 
by taking a known volume of dry air at a specific temperature and 
let water evaporate Into It. After evaporation, the difference be- 
tween Initial and final amount of water In the container is the amount 
of water (gm. or oz.) that the volume of air can hold at the given 
temp. If this process Is repeated many times and the dsta plotted 
on a graph, It Is called "saturation curve". 



Saturation curves can be used to find 



Relative Humidities where RH ■ 100 X 



amount of water holding 

amount of water at saturation 



e.g., If 1,000 ft^ of air at 56 °f can hold 12 ounces of water 
but the air is only holding 6 ounces then 



Relative Humidity 



unit of water holding y 100% 
unit of water saturation 



- 6 

Ti 



x 100% 



50% 



5. Design 

You will record your own design to obtain a saturation curve and 
also list materials required. 



PROCESSING OF DATA 
8. Organization of Data 

Copy saturation curve from p. 26, Exploring Earth Science , on 
graph paper provided. 

INTERPRETATION OF DATA 



1. Air at 10°F will hold (more, less) water vapor than air at 

20° F. Volume Is 1000 ft*. 

2. How many gms. of water vapor are there In 1000 ft’ of air 
at 80°F? 

3. How many gas of water vapor are there In 1000 ft3 of air 

at S6 °f? 
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4. 1000 ft 3 of air Is saturation with 12 oz. of water vapor. 

What Is the temperature of the air? 

5. 2000 ft 3 of air at 60°F will hold a maximum of 

how many oz. of water? 

6. What Is the R.H. of saturated air? 

7. What is the R.H. of air If it holds 4 oz. of water when It 

could hold 12 oz. of water at the same temperature. 

8. 1000 ft 3 of air at 80°F holds 8 oz of water. What Is 
R.H. ? 

9. 1000 ft 3 of air at 44°F contains 9 oz. of water. What 
is the R.H.? 

10. R.H. of air Is 507. and the air holds 8.5 oz. of water, 

what is the temperature of the air? 
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TEACHER'S NOTES 



Investigation 3-4 



u 



PREPARATION 
1. Problem 

The purpose of this investigation is to show that any 

body of air contains a large quantity of water vapor 

which we cannot see. 

PROCESSING OF DATA 
10. Mathematical Treatment 

(1) Length, width and height of room must be 
measured in feet. 

(2) Volume of room (rectangular prism) is 
L x W x H ft 3 . 

(3) Find the amount of moisture in gms/1000 ft 3 
because you can relate to mis. of water 

(1 gm of H 2 ) ■ 1 ml. H 2 O). 

* You can show students the equivalent amount of 
liquid water if all the water vapor in the room 
were condensed and collected in a container. 

(4) The amount of moisture given by the graph is 
the amount per 1000 ft 3 assuming saturated air 
(100%RH) at the given temperature. To correct 
this use R.H. of room as a decimal (i.e. 82% ■ .62) 

Calculation (_) 

Total weight of water vapor in the room (in grams), 

* Vol of Room in ft 3 x amount of moisture /1000 ft 3 x RH 

1600 /A ^ 

from saturation curve from 

hygrometer 



« 



REFERENCES 



AUDIO-VISUAL AIDS 



TEST ITEMS 




i 
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STUDENT'S NOTES 



Investigation 3-4 

PREPARATION 

1. Problem 

How many gms. of moisture (water vapor) are there In the 
science room? 

2. Background Information 

Read and summarize p. 26-27 of Exploring Earth Science and draw 
the saturation curve on a piece of graph paper. 

DESIGN FOR COLLECTION OF DATA 

tD Measure the length, width and height . 

(2) Using a hygrometer find Tdry and Twet of room In feet. 

MATERIALS 



yardstick, hygrometer and graph paper 

6. Procedure 

Record any changes or addition to Design. 

7. Observations and Treatment of Data 2 

(1) Calculate volume of room volume ■ L x W x H ft 

(2) Calculate Relative Humidity 

(3) From graph, find amount of moisture per 1,000 ft^ at 
room temperature. 

INTERPRETATION OF DATA 

~ (T5 Calculate the total amount of water vapor in the science room. 

(2) If the temperature was lowered to Dew Point Temp., what would 
happen and how much moisture would be collected? 

NEW PROBLEMS 

(1) If a room has a volume of 4,000 ft.^ (cubic feet) and 
TDry ■ 50°F, TWet * 46°F, what is the total amount of 
moisture (water vapor) In the room. 

(2) Is an equal amount (volume) of moist and dry air the same 
weight? How would you show the answer to the above question 
experimentally, assuming that the moist and dry air have the 
same temperature 
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TEACHER'S NOTES 



Investigation 3-5 



CONCEPTS 

(a) Relative humidity varies from day to day. 

(b) Relative humidity varies during the day. 

(c) Relative humidity Is a measure of the amount 
of moisture In the air. 

(d) Air can hold a great deal of moisture depending 
upon 1 1 8 temperature. 

Suggestions to Teachers 

Ask questions about why it would be Important to know the 
amount of moisture In the air - re meteorologists, 
weather reports. 

2. Background Information 

Research how the following Instruments work: 

- sling pyschometer 

- hair hygrometer 

- wet and dry bulb hygrometer 

Calculations for a wet and dry bulb hygrometer 
You require Temp. Dry bulb Tw eg. 76°F. 



Temp. Wet bulb Tw eg. 72°F. 




T Dry 



123456789 10 



. . Relative Humidity Is 82% 



76 



82 



NOTE : Wet and Dry bulb Hygrometer 

temperatures below 32°F. 



ot work for 



Answers to Exercise in Background 



,tion are 



(a) 12% (b) 56% (c) 91% 



L00% 



* 

4 
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STUDENT'S NOTES 



Investigation 3-5 

PREPARATION 

1. Problem 

( 1) To compare the Relative Humidity and Dew Point Temperature at 
different times of a day, 

(2) To compare the Relative Humidity and Dew Point Temperature for a 
school week (readings to be taken at same time each day). 

2. Background Information 

If we recall that evaporation requires heat and the fact that when 
a body of air is holding as much moisture as possible, It if called 
saturated air. The sling pyschrometer (hygrometer) works on the 
principle that one of the two thermometers has a wet cotton on it; 
the two thermometers are swung in the body of air to be measured; 
the wet bulb moisture is thus forced into the body of air to be 
measured by evaporation causing the temperature to drop until the 
air surrounding the thermometer is saturated, this is Twet; the 
other thermometer measures the air temperature, this is Tdry or 
Tunsaturated. 

EXERCISE 

Calculate the following Relative Humidities 



(a) 


Tdry = 64°F 


Twet = 44°F 


(b) 


Tdry = 50°F 


Twet = 43°F 


(c) 


Tdry = 78°F 


Twet = 76°F 


(d) 


Tdry = 40°F 


Twet = 40°F 



DESIGN FOR COLLECTION OF DATA 

(1) Wet the cotton surrounding lower thermometer. 

(2) Swing for one minute and record temperature of 
both thermometers. 

(3) Refer to problems. 

MATERIALS 

Sling physchroraeter, water and charts 
7 . Observations & Organization of Data 



Record data in a similar chart as below. 



Date 


Time 


Tdry 


Twet 


A T 


RH 


Td.p. 
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STUDENT'S NOTES 
Investigation 3-5 (cont'd) 

INTERPRETATION OF DATA 

(1) Does the amount of moisture In the air change during 
the day? Why? 

(2) Does the amount of moisture In the air change from day 
to day? Why? 

OPERATIONAL DEFINITION 

Write a workable definition of Relative Humidity. 
OPEN-ENDEDNESS 



16. New Problems 

(1) What would be the Relative Humidity during a heavy rainstorm? 

(2) On a summer's day, where does the moisture come from to 
form the thunderstorm clouds? 



0 
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TEACHER'S NOTES 



Investigation 3-6 

PREPARATION 

1. Problem 

Students should come to understand the cyclic 
process of the earth's water through the at- 
mosphere. 

2. Background Information 

List the sources of water which enters the 
atmosphere 

(a) evaporation of fresh and salt water 

(b) transpiration of plants and animals 

(c) industrial sources 

e.g. water by-product of burning hydrocarbons (sugar) 



CONCEPT 

The world water balance is constant. 
World Water Cycle 



Condensation 





Precipitation 

Rivera 



TECHNIQUES 



REFERENCES 



AUDIO-VISUAL AIDS 



TEST ITEMS 



0 

ERIC 
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Investigation 3-6 STUDENT'S NOTES 

PREPARATION 

1. Problem 

How does the perspiration of a hand in a small enclosed space 
compare to the world's water cycle? 

2, Background Information 

Read pages 269 - 270, Science Activities, Book I 

DESIGN FOR COLLECTION OF DATA 

(1) Place one hand into a plastic bag and fasten to wrist 
with an elastic band. 

(2) Leave in plastic bag for 10-15 i inutes. 

(3) Record observations of both hands each minute. 

7. Observations & Organization of Data 



Time 


Left Hand Observations 


R.H. Observations 




1 





Interpretation of Data 

(1) Is there moisture on both hands? If not on one hand, explain 
what happened to the moisture. 

(2) What can you say about the temperature of both hands? 

(3) What is happening to the water vapor content inside of 
the plastic bag? the R.H. inside of the bag? 

(4) Is Dew Point Temperature reached inside the bag? How 
do you know? 

(5) How does this experiment relate to the world's water 
cycle? 
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STUDENT'S NOTES 



Investigation 3-7 

PREPARATION 

1. Problem 

What conditions are necessary for the formation of clouds? 

2. Background Information 

Exploring Earth Science , pages 30 - 33 

DESIGN FOR COLLECTION OF DATA 

(1) Pour % cup of warm water into a milk bottle, shake, and 
then pour It out. 

(2) Blow into bottle a number of times making sure that the 
opening is sealed with your mouth. 

(3) Release suddenly and observe. 

(4) Repeat (1) but this time hold a smoking match over top 
of bottle and blow smoke into bottle. 

(5) Repeat steps (2) and (3) and observe. 

EXPERIMENTATION 

7. Observations 6c Organization of Data 



Observations 



without smoke 




with smoke 





INTERPRETATION OF DATA 

(1) What requirement did you require to produce a cloud? 

(2) What are the sources of nuclii in our atmosphere? 

(3) What is the name of the process of changing water vapor 
into liquid water called? 
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AUDIO-VISUAL AIDS 



TEACHER’S NOTES 



Investigation 3-7 (a) 




1. Set up apparatus as shown, with clamp on tube B 
closed. 

2. Stopper should be fitting snugly (do the demon- 
stration beforehand to determine how snug). 

3. Pump air into the Jug until the stopper pops 
- there is a dramatic "pop" with the simul- 
taneous appearance of a dense white cloud in 
the bottle. 

4. The kids usually want this done again, so replace 
the stopper snugly, open clamp on tube B, and use 
pump to disperse the cloud. 

Then close clamp and the apparatus is ready. 

Problem 

The concepts to be developed are: 

1. Clouds are formed from water vapor in the atmosphere, 

2. moist air must be cooled to saturation before clouds 
will form, and 

3. solid particles in the atmosphere are required for 
cloud formation 

Suggestions for Further Study 

Both investigations can be repeated using nuclii produced 
from salt crystals, soil and other substances to see if 
they also aid cloud formation, 



TEST ITEMS 







2 
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STUDENT’S NOTES 



Investigation 3-7 (a) 

PREPARATION 

1. Problem 

How are fogs produced? 

2, Background Information 

Read page 30, Exploring Earth Science 

DESIGN FOR COLLECTION OF DAT A 

(1) Fill milk bottle with hot water and let stand for a 
few minutes (2-3 minutes). 

(2) Pour out most of the water leaving V in the bottom. 

(3) Place an ice cube across the neck of the bottle. 

Repeat steps 1 and 2 

(4) Place a burning stick into the milk bottle and allow 
some smoke to enter. 

(5) Place an ice cube across the neck of the bottle. 

7. Observations & Organization of Data 

Place all observations in the following chart. 



with smoke 


without smoke 







INTERPRETATION OF DATA 



(1) What effect had the introduction of smoke particles? 

(2) How did the cloud formed differ from the previous experiment? 

(3) What is the source of moisture in the air? 

(4) Is the air very dry or nearly saturated in the bottle? 

(5) What cools the air below the dew point? 

(6) What happens to air cooled below its dew point? 



OPEN-ENDEDNESS 
16 . New Problems 

Explain (a) radiation fogs (b) advection fogs 

CONCEPTUALIZING DATA 
11. Operational Definitions 



of (a) fog and (b) cloud 



